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In this work we propose a parallel method implemented in GPU environments to generate
meshes from Implicit Surfaces that turn out to be more appropriated for engineering
applications, like the ones based on Finite Element Methods. This work improves the article
presented at WCCM 2012 which made a general optimization on Marching Cubes Algorithm,
generating triangles with better quality through better relation between their edges and their
angles.

Marching Cubes is a well known algorithm used to generate meshes formed by triangles.
Despite its simplicity to be implemented and understood, this algorithm can generate triangles
with very small angles, and as a consequence, with one edge much smaller than the others, as
shown in Figure 1, a). We propose a parallel method to improve the mesh in two steps, each
being done in a GPU environment.

In the first step the entire cube is divided in smaller cubes, the voxels, and they are
polygonized in parallel. For each voxel, if the surface intersects it, then a modified Marching
Cubes table is used to generate only the border of the surface portion that intersects this voxel.
After generating the border, if it has a corner with a small angle, its neighbours are connected
to prevent this vertex to be divided, and this voxel is marked. This small angle will be
processed at the second step.

The remaining polygon is evaluated in order to insert a vertex inside this polygon. If a new
vertex is inserted, all vertices on the polygon border will be connected to this new vertex, thus
generating the triangles. Otherwise, the mesh is generated by connecting the vertex with the
biggest angle to one of its two neighbours, that are at a two edge distance, the one with the
biggest angle being chosen. This process is repeated until all mesh triangles inside this voxel
are generated.

The second step consists in repositioning all vertices that have a triangle with a too small
angle and that was marked at the first step. This step is also run in parallel and the new
position, due to all the vertices that are directly connected to this vertex with a smooth
correction, as implied by the implicit surface, is used. The result of the global change can be
seen in Figure 1 b): the triangles generated by the proposed method have better angles and
better ratio between their sides.
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Figure 1. a) Sphere generated by the Marching Cubes algorithm. b) Sphere generated by the
algorithm proposed in this work.
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